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(PIS)  was  carried  out  using  a  3-mode  Brownian  oscillator  model  for  the  nuclear 
dynamics.  The  role  of  spectral  diffusion  process  was  explored. 
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Summary 

A  microscopic  theory  for  the  nonlinear  optical  response  and  susceptibilities  of 
molecular  materials  with  localized  and  delocalized  electronic  states  (e.g.  molecular  assemblies, 
conjugated  polymers,  aggregates  and  monolayers)  was  developed.  The  theory,  which  properly 
accounts  for  many-body  effects,  is  based  on  (he  derivation  of  coupled  reduced  equations  of 
motion  for  the  material  variables,  which  determine  the  optical  response.  The  present 
formulation  maps  the  calculation  of  optical  nonlinearities  onto  solving  the  dynamics  of  coupled 
nonlinear  oscillators  and  overcomes  the  difficulties  associated  with  the  local-field 
approximation.  An  operational  definition  of  the  nonlinear  coherence-size  Nc,  which  controls 
the  cooperative  enhancement  of  the  optical  response  is  developed.  A  real-space  representation 
of  the  optical  response  of  conjugated  polyenes  is  developed  by  using  the  Wannier 
representation  to  derive  equations  of  motion  for  coupled  two-site  oscillators  representing 
correlated  electron-hole  pairs.  The  resulting  elementary  excitations  are  shown  to  be 
intermediate  between  the  molecular  (Frenkel)  and  the  semiconductor  (Wannier)  excitons,  and 
clearly  resemble  charge  transfer  excitons.  Theoretical  analysis  of  resonant  and  off-resonant 
femtosecond  pump-probe  absorption  experiments  on  polydiacetylene-para-toluene  sulfonate 
(PTS)  was  carried  out  using  a  3-mode  Brownian  oscillator  model  for  the  nuclear  dynamics. 
The  role  of  spectral  diffusion  process  was  explored. 

This  grant  resulted  in  46  publications  (which  are  listed  below).  In  addition,  a  graduate 
level  textbook  entitled  "Nonlinear  Optical  Spectroscopy:  The  Density  Matrix  Perspective"  by 
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S.  Mukamel  is  being  completed.  The  book  develops  a  unified  theoretical  microscopic  treatment 
of  the  optical  nonlinear  response  of  molecular,  conjugated-polymer,  and  semiconductor 
materials. 
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Breaking,  Solvation  Dynamics  and  Electron  Transfer”,  Riverside.  California,  December  1989. 


University  of  Bayreuth,  Emil  Warburg  Symposium  on  Dynamical  Processes  in  Condensed  Molecular 
Systems,  "Femtosecond  Nonlinear  Spectroscopy  of  Solvated  and  Aggregated  Polyatomic  Molecules", 
Bayreuth,  Germany,  April  1990. 

Institut  fur  Theoretische  Physik  dcr  Universitiit  Frankfurt,  "Nonlinear  Optics  and  Superradiance  in 
Molecular  and  Semiconductor  Aggregates",  Frankfurt,  Germany,  April  1990. 

Max-Planch-Institut  fur  Biophysikalischc  Cheinie,  "Femtosecond  Spectroscopy,  Nonlinear  Optics  and 
Supcrradiance  in  Solvated  and  Aggregated  Molecules",  Gottingen,  Germany,  April  1990. 
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Optical  Society  of  America,  Ultrafast  Phenomena  Topical  Meeting,  Monterey,  California, 
"Femtosecond  Pump-Probe  and  Photon  Echo  Spectroscopy  of  Solvated  and  Aggregated  Polyatomic 
Molecules",  May  1990. 

Optical  Society  of  America,  International  Quantum  Electronic  Conference,  Anaheim,  California, 
"Nonlinear  Susceptibilities  of  Solvated  Molecules  and  Molecular  Aggregates",  May  1990. 

University  of  Rochester,  Center  for  Photoinduced  Charge  Transfer  Symposium  on  Photoinduced 
Cl.^rge  Transfer,  "Optical  Nonlinearities  in  Semiconductors  and  Microstructures",  Rochester,  New 
York,  June  1990. 

Air  Force  Annual  Contractors  Meeting,  "Nonlinear  Susceptibilities  of  Molecular  and  Semiconductor 
Microstructures",  Washington,  DC,  June  1990. 

Seventh  American  Conference  on  Theoretical  Chemistry,  "Cooperative  Effects  and  Coherence  Si/e  in 
Nonlinear  Susceptibilities  of  Molecular  Assemblies",  San  Diego,  California,  July  1990 

American  Physical  Society,  Sixth  Interdisciplinary  Laser  Science  Conference  (ILS-V1),  "Ultrafast 
Nonlinear  Spectroscopy  of  Isolated,  Solvated  and  Aggregated  Molecules",  Minneapolis,  Minnesota, 
September  1990. 

American  Chemical  Society  Fall  Symposium,  University  of  Rochester,  "Femtosecond  Spectroscopy  of 
Solvated  and  Aggregated  Molecules",  Rochester,  New  York,  October  1990. 


AT&T  Bell  Laboratories  Murry  Hill,  "Cooperative  Effects  and  Superradiance  in  Nonlinear 
Susceptibilities",  January  1991. 

Eastman  Kodak  Company,  "Nonlinear  Optical  Response  of  Solvated  and  Aggregated  Dyes",  February 
1991 

Sanibel  Symposium  on  Photodissociation  and  Fast  Spectroscopy,  "Femtosecond  Spectroscopy  of 
Isolated  and  Solvated  Polyatomic  Molecules”,  St.  Augustine,  Florida,  March  1991. 

IBM  Corporation  -  Thomas  J.  Watson  Research  Center,  "Nonlinear  Optical  Response  of  Isolated  and 
Aggregated  Molecules",  Yorktown  Heights,  New  York,  April  1991. 

NATO  Conference  on  Coherence  Phenomena  in  Atoms  and  Molecules  in  Laser  Fields,  "Femtosecond 
Spectroscopy  of  Isolated,  Solvated  and  Aggregated  Molecules",  Niagara,  Ontario,  Canada,  May  1991 . 

29'th  Yamada  Conference  on  Dynamics  and  Mechanisms  of  Photoinduced  Electron  Transfer  and 
Related  Phenomena. "Solvation  Dynamics  in  Electron  Transfer  and  Femtosecond  Nonlinear 
Spectroscopy",  Osaka,  Japan,  May  1991. 

Institute  of  Molecular  Science,  "Nonlinear  Optical  Response  of  Isolated  and  Aggregated  Molecules", 
Okazaki,  Japan,  May  1991. 

NTT  Electrical  Communication  Laboratory,  "Electron  Coherence-size  annd  Optical  Nonlinearities  in 
Restricted  Geometries",  Tokai,  Ibaraki,  Japan,  May  1991. 

NTT  Reasearch  Laboratory,  "Cooperative  Effects  and  Superradiance  in  Molecular  and  Semiconductor 
Clusters",  Musashino-shi,  Tokyo,  Japan,  May  1991. 
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University  of  Tokyo,  "Electron  Coherence-Size  and  Optical  Nonlinearities  in  Restricted  Geometries’’, 
Tokyo,  Japan,  May  1991. 

Fuji  Photo  Ashigara  Research  Labs,  "Coherence-size  and  Superradiance  in  the  Radiative  Decay  of  J- 
Aggregates",  Odawara,  Japan,  May  1991. 

Fifth  International  Conference  on  Time  Resolved  Vibrational  Spectroscopy.  "Ultrafast  Four  Wave 
Mixing  Spectrscopy  of  Solvated  Polyatomics  and  Molecular  Aggregates",  Waseda  University,  Tokyo, 
Japan,  June  1991. 

Workshop  on  Pulse  Shapes  and  Quantum  Control  in  External  Fields,  "Nonlinear  Optical  Response  in 
Liouville  Space",  Telluride,  Colorado,  July  1991. 

International  Conference  on  Optical  Probes  of  Conjugated  Polymers,  "Exciton  Coherence  Length  and 
Nonlinear  Optical  Response  of  Conjugated  Polymers",  Snowbird,  Utah,  August  1991. 

American  Chemical  Society  National  Meeting  -  Symposium  on  Energy  Transfer  and  Relaxation  in 
Condensed  Phases,  "Exciton  Coherence-Size  and  Optical  Noniinearities  in  Restricted  Geometries”, 
New  York  City,  August  1991. 

Eighth  International  Conference  on  Dynamical  Processes  in  Excited  States  of  Solids,  "Coherence 
Length,  Nonlinear  Optical  Response  and  Superradiance  of  Confined  Excitons",  Leiden,  The 
Netherlands,  August  1991. 

Air  Force  Nonlinear  Optical  Polymers  Contractors  Meeting.  "Nonlinear  Optical  Response  of 
Conjugated  Polymers;  Electron-Hole  Anharmonic-Oscillator  Picture",  Dayton,  Ohio,  December  1991. 


Cornell  University,  "Coherence-Size  and  Cooperative  Nonlinear  Optical  Response  of  Conjugated  and 
Nonconjugated  Molecular  Assemblies",  Ithaca,  February  199^. 

University  of  California,  San  Diego,  "Exciton  Coherence-Size  and  Cooperative  Non-linear  Optical 
Response  in  Restricted  Geometries",  San  Diego,  February  1992. 

American  Physical  Society  Annual  Meeting,  "  Coherence-Size  and  Cooperative  Non-Linear  Optical 
Response  in  Confined  Systems",  Indianapolis,  March  1992. 

Air  Force  Office  of  Scientific  Research,  "Nonlinear  Optical  Response  of  Conjugated  Polymers; 
Electron-Hole  Anharmonic-Oscillator  Picture”,  Washington,  DC,  May  1992. 

Sandia  National  Laboratories,  "Quasiparticle  Exciton  Representation  of  Frequency  Dispersed  Optical 
Noniinearities  of  Conjugated  Polyenes",  Albuquerque,  New  Mexico,  May  1992. 

Second  French-Israeli  Symposium  on  Nonlinear  Optics,  "Nonlinear  Optical  Response  of  Molecular 
and  Semiconductor  Nanostructures",  Port-Barcares,  France,  May  1992. 

Gordon  Conference  on  Electronic  Processes  in  Organic  Materials,  "  Coherence  Size  and  Nonlinear- 
Optical  Response  in  Confined  Systems",  Andover,  New  Hampshire,  July  1992. 
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US  China  Binational  Workshop  on  Photoinduced  Charge  Transfer,  "Charge  Transfer  Excitons  in 
Optical  Nonlinearities  of  Molecular  Nanostructures  and  Conjugated  Polymers",  Academia  Sinica. 
Beijing,  China,  August  1992. 

University  of  Beijing,  Department  of  Physics,  "Cooperative  Nonlinear  Optical  Response  of  Molecular 
and  Semiconductor  Nanostructures"  Beijing,  China,  September  1992. 

University  of  Michigan,  Department  of  Chemistry,  "Cooperative  and  Ultrafast  Nonlinear  Optical 
Spectroscopy  of  Confined  Excitons  and  Molecular  Nanostructures  ’,  Ann  Arbor,  Michigan,  October 
1992. 

University  of  Indiana,  Department  of  Chemistry,  "Femtosecond  Optica!  Spectroscopy  of  Molecular 
Systems  in  Condensed  Phases"  Bloomington,  Indiana,  November  1992. 

University  of  Pittsburgh,  Department  of  Chemistry,  "Nonlinear  Femtosecond  Spectroscopy  of 
Molecular  Systems  in  Condensed  Phases”,  Pittsburgh,  Pennsylvania,  November  1992. 

Joint  Harvard  -  MIT  Seminar,  "Cooperative  an^1 '  ’*rafast  Nonlinear  Optical  Response  of  Confined 
Excitons  and  Molecular  Nanostructures",  Car  •  ige,  Massachusetts,  December  1992. 
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